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Description 

Bad<grQundof molnvemkin 

[0001] The invention relates to a detormaWe tubo. 5 
(0002] 11 ts known from US patent specifications Nos. 
3.353.599 and 5.014.779 to insert a corrugated tube 
into the wefixxe of an uiderground borehole and to 
expand the tube downhoie into a tubular shape. 
[0003] US patent spedTieation No. 5.366.012 cfis- fo 
doses the expansion ot a dotted pipe of which the skits 
open up as a rest* ol the expansion so as to reduce the 
racfial farces needed to expand the pipe, 
[0004] The use of slotted or biitialy corrugated pfces 
has the ofcadvantage fiat the expanded pipes have a is 
BmSed mechanical strength. 
[0005] toternattonaJ patent aopi^^ 
WO 98/00626 cfisctoses the expansion of on unsfotted 
cyfindrical pipe by means of an expansion mandret. 
[0006] A cfcaoVantage of the latter expansion method to 
is that forces to expand the pipe are relatively Ngji and 
that the ppe contracts as a resuf t of the expansion proc- 
ess. 

[0007] Itisanobjedofthepresentiriventionto 
ate the dteadvantages of the Known techniques and to ss 
provide a robust and deformabf e tube which can be 
expanded or otherwise deformed by using a relatively 
low deformation force. 

Surm^of the Invention *> 

[0008] The deformabie tube according to the Invention 
thereto comprises a wal whkh is at least partly formed 
by a number cf tobutos. wherein at least one tLbuie ts at 
least partly deformed in response to cfcfomwtion of the * 
tube. 

[0009] The deformation nuryvwofceflatt^^ 
change of the tubular shape of the tobuJes, which 
requires princfpefly bending forces which are signifi- 
cantfy lower than the tension forces that are required to *o 
expand a tubutar cylindrical ppe, 
[0010] ft may be required to obtain a tube which can 
be deformed easily in an axial or in a radial cSr action or 
in both directions. A raolafr deformabie tube is useful ff 
the tube is for example to be used as an oi ancVbr gas <j 
production tubing whichb to be inoertedlntoaretefivery 
narrow and kregutarfy shaped underground weibore 
An axiafiy defonnable tube is useful if toe tube is a pro- 
duction sner or tubing, a we* casing cr other well tubutar 
wNchtetostafledtaacorrpa^ so 
isariskofbud^oftheweltubUare^ 
compaction process. 

[0011] Haiaofaflydetonnatjletubeisfea^ 
terrod thalthewaflof^etubeteat least partly formed 
by a series of axiaitobules which each extend ins (free- ss 
tion substantially paraOet to a tongkrfnal axis of the 
tube such that upon a raolaJdefbrma t tonoftrieajbethe 
axial tubules are at least partly deformed 



[0012] If an axiatty deformabie tube is required it is 
prefened tettthewajloffretobeisat least partly 
formed by a series of toroidal tubules which extend in a 
sutefcrrtiaffy circular diroct>on around a longitudinal axis 
of the tube such that upon axial deformation of fte tube 
the toroidal tubules are at least partly flattened or other- 
wise deformed. 

[001 3) Ha tube is required which is both axiafly and 
racially deformabie. it is preferred that the wal of the 
tube Is at least partly formed by one or more helical 
tubules which extend in a substantia^ hoCcal direcfion 
with respect to a tongitucfinaf axis of the tube such that 
upon deformation of the tube in a direction which is ori- 
ented at an angle relative to a tongttuolnal olfaction of 
each of fie heCcaJ tubules, at least one of fw helical 
tiix4es is deformed. 

[0014] The tubules may be made of a metal, plastic 
rubber or other material end may be welded, brazed, 
bonded or otherwise secured to adjacent tubules or 
other parte of the wall of the tube. 
[0015] The tubules may before expansion have a 
totted, cyftrrfricai, eiipbcal or prismatic shape and may 
as a result of the expansion be unfolded or flattened into 
an effipbcaJ. cyftndncaJ or prismatic shape. 
[0016] Suitably, the tubules contain at the outer 
periphery of the tube openings or weak spots which 
open up as a result of the deformation process such that 
one or more fluids are squeezed from the interior of the 
tubules into the space surrounding the tube. 
(0017) In that case the fluids that are squeezed from 
the interior of the tubules may contain one or more 
chemicals, such as a chemical treatment fluid or com- 
ponents of a liquid cement slurry or components of a 
curing agent which components are only nixed when 
or after they have been squeezed out of the tubules. 

Bn^d^K^r^ofthedrawirxffi 

[0018] The invention will be described m more detail 
and by way of example with reference to the accompa- 
nying Drawings, in which 

Rg. 1 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wafl 
that is made of a series of axial tubules which are 
cylindrical before expansion and elipffcal after 
expansion; 

Rg. 2 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wafl 
that comprises a series of axial tubules which are 
prismatic before expansion end effipfcal after 
expansion; 

Rg. 3 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wafl 
that is made of a series of axial tubules which are 
eftpticaJ both before and after expansion; 
Rg. 4 is a cross-axial sectional view of a tube 
before expansion where the wafl of the tube conv 
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prises a series of anal tubules and the tube is 
folded into a substantially Rat shape before it fe 
unfolded and expanded; 

Fig. 5 is a tatfudnaJ sectional view of a tube 
which comprises a wal thai is made of a series of 
toroidal tubules; 

Fg. 6 is an enlarged detal showing the cylndrtcal 
chape of three of the toroidal tubules that are encir- 
cled in Fig. 5; 

Rg. 7 is a longitudinal sectional view of the tube of 
Fig. 5 after axial compression of the tube; 
Fig. 8 is an enlarged detal showing the etlptical 
shape of three of the toroidal tubules that are encir- 
cled In Fig. 7; 

fig. 9 is a cross-axial sectional view of a racfiafly 
expandable tobe comprising six anal or heficaf 
tubules both before and after expansion of the tube; 
Fig. 10 Is a cross-axfe! sectional view of an unex- 
FjrxJedtubedwrtk*tewaBcorr^ 
folded tubules which untold into a cyfrxtocai shape 
during the process of expanding the tube: 
fig. 11 is a cross-anal sectional view of another 
unexpanded tube configuration where the wafl com- 
prises a series of folded tubes which unfold into a 
cylindrical shape during the process of expanrjng 
the tube; and 

fig. 12 is a cross-axial sectional view of an unex- 
panded tube which folds open during the expansion 
process and which comprises a tubule whJch acts 
as a plastic range and which is Rattened as a resutt 
of the expansion process. 

Detailed description of the invention 

(0019] herring now to Rg. 1 there it shown a tube 1 
in a cyindrteal wefcore or other cavity 2. which tube 1 
has a wafl that is made up of a series of sdaJ tubules 3 

which are substantially cyfirdrical before expansion of 
the tube 1 and elfptical after expansion of the tube 1 to 
an enlarged tiameter, as illustrated by reference 
numeral 3B. 

[0020] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by Increasing the hydraulic 
pressure in the interior 4 of the tobe 1 . As a resutt of the 
expansion process the nixies 3 art subject to a bend- 
ing process bo that relative^ tow forces are required. 
[0021] tf the tubules 3 aro made of stool or another 
m*titw'tKpcfatftrt\totdbd*x3vQ sintered, 
welded or brazed together atong the length of the areas 
5 where the tubules 3 touch each other. 
(0022] tf the tutxies 3 have an impermeable wafl and 
the tube 1 is used tornporarily h the cavity 2. tor exam- 
ple to prcvide a temporary seal, then the tube 1 can be 
radiafly contracted again by pumping a high pressure 
fluid into the interiors 6 of the tubules 3. which wi 
induce the flattened tubules 38 k> resume their tubular 
shape, so that the tube 1 ratfial shrtnte and can be eas- 
ily removed from the cavity 2. 



[0023] If the tube 1 is to be used permanently in the 
cavity 2. for example H the tube 1 is to be used as a wefl 
casing, then at least some of the tubules 3 may be fled 
with Iquto components of a cement slurry or other cur- 

5 ing agent such as a silicone gel and tie outer wafl of 
these tubules may contain openings 7, or weak spots 
which are opened as a resutt of the expansion process, 
via which said Squid components are soueezed into the 
curounding annular space 8 sunoundng the expanded 

io tube 1 and the Bquid components mix up and cure to a 
hardened cement siScone or other cured sealing com- 
position. 

(0024] Rg. 2 lustrates an alternative errtxxfcment ot 
the defamaJbie tube awarding to t\e invention. Tnis 
is tube 9 is also radially deformabie and comprises a 
series ol tubules 10 which are prismatic before expan- 
sion and eBptal after expansion, as iustrated by refer- 
ence numeral 10B. 

(0025] The tubules 10 are arranged substantially par- 
20 aW to the longrtudtnal axis 11 at the centre of the tube 
9. The tubules 10 are made of steel or another metal 
and are connected to each other by tono^tudinal wefded." 
brazed or sintered bonds 11. 
[0026] Fig. 3 shows yet another embcxfment of the 
25 detormabJe tube according to the invention, in which the 
tube 12 is racfiafly deformabie and comprises a series of 
tubUes 13 which are eftipocal before and which have an 
eSipticai. almost flattened shape after radial expansion 
of the tube 12. 

so (0027] In tnisembocSment the tubules 1 3 detormfrorn 
a first ©Optical shape, illustrated by reference numeral 
13A in which the largest width of the elfeticaJ tubules 
13A has a racial orientation into a second effiptical 
shape, iflustrated by reference rwmerai 13B in which the 

as largest width of the eBbticsJ tubiies 13A rtaa atangen- 
o32 onefuuuon. 

(0028] Referring now to Fig. 4 there is shown a 
deformabie tube 14 which comprises a series of axial 
tubules 15. wherein two pairs of tubules at opposite 

40 sides of the tube 14 are interconnected by plastic 
hinges 16. These plastic hinges 16 aflow the tube 14 to 
be stored and transported in a flattened shape e.g. 
around a reefing drum (not shown). 
(0029] When tie tube 14 is then unreeled from the 

43 reeing drum it can be brought into a cyfndricaJ shape 
by a guide funnel (not shown). K the tube 14 is to be 
used toskJe a wal or inside another tix^lhocyfindrl- 
caJ tube 1 4 is then reeled into the weltwwfte interior 
of fte other tubular and expanded for exarnplebypump- 

50 tog a high pressure fWd Into the Interior 17 of the tube 
14. 

(0030] The inrtiaity flattened tube ccntiguratton shown 
in Fig. 4 allows en easy storage and transport of the 
tube 14. ag ona small diameter reeling drum, during 
as tie manufacturing stage and during transport from tfie 
manufacturing site to the site where the tube 14 is to be 
used. 

(0031] Rgures 5, 6, 7 and 8 show yet another embod- 
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tmont of the deformable tube according to the invention 
in which the tubules 18A. B have a toroidal shape in 
order to make the tube 19 axiaffy deformable. 
(0032] Die tube 19 shown in Fig. 5 can be a produc- 
tion finer in a corrpac&ng o2 or gas bearing formation, s 
where as shown In detafl in Hg. 6 the toroidal tubules 
1 6A have a substantial! y cyfindrical shape, to fJiecortTg- 
uration shown in Fig. 7 the tube 19 has anally con- 
tracted so that its length is 18% shorter than its original 
length shown in Fig. 5. so 
10003] As a result of tie axial contraction of the tixj 

1 9 the tubules 1 88 shown in Fig. 7 have been deformed 
Into an dlipticaJ shape, as is shown in more detail in fig. 
8. 

(0034) Referring now to Fig. 9 there is shown a tobe rs 

20 which is expanded within a wefibore 21 or other cav- 

«y 

[0035] The tube 20 has a wall that comprises sbc 
tubules 23. 24. 25. 26, 27 and 28 which extend h an 
axial or helical contigunrton relative to the konnitudinal to 
axis 29 of the tobe 20. 

(0036] /vjjacent tubules 23. 24. 25. 26. 27 and 28 are 
interconnected along their length by elongate welds 32. 
Plastic hinges 22 are located in the wafla of the tubules 
23-28 at both ©dee of each weld 32. a 
[0037] The unexpended tube 20 * shown at the cen- 
tre of the drawing. The six unexpended tubules 23-28 
each have the form of a pie sector and only a minor gap 

80 Is present between adjacent tubules 23-28. To 
expand the tube 20 a pressurized fluid is pumped into x 
the gape 30 which wiB induce the tube 20 to expand until 
the waits of the tubules 23-28 ore stretched and/or the 
outer walls of the tubties 238-288 are pressed against 
theweftxxe21. 

[0038] The volume cfioiertt tube configuration shown xs 
\n Fig. 9 is attractive V die tube 20 is to be inserted Into 
the wettxxe 21 via a narrow excess, such as a small 
diameter production Using. Furthermore the internal 
volume of the unexpended tubules 23-28 is relatively 
large whereas the internal volume of the expanded 40 
tubules 238-288 is relatively small so mat a* the wafts at 
the outer circumference of the tubules 23-28 are perfo- 
rated or become during expansion otherwise fluid per- 
meable a relatively large volume of fluids is squeezed 
from the interior of the tubules 23-28 into the surround- 45 
Ing annulus andtor formation. 
[0039] to this way a retain^ large volura 
agent andtor treatment fluid can be injected into the 
annulus surrounding the tube 20 andtor the formation 

81 surrounding the wefeore 21 . so 
[0040] The externally permeable tube 20 is very suit- 
able to inject frertment fluids into an underground for- 
mation 31 which comprises atong the length of the 
weflbore 21 layers of varying permeabaity. W the outer 
walsof me tubules 23-28 have a sigrtffc^loww fluid « 
permeabaity man the surrouncing formation 27. then, 

as soon as me outer wafl of the tubules 228-268 Is 
pressed against the weflbore 21. a relatively constant 



flux of treatment fluid wil be squeezed into the various 
surrounrjing fonnafion layers so mat theriskofinjecfion 
of freatment fkikJ mainly into the permeable formation 
layers and by-passing of less permeable layers is mini- 
mized. 

[0041] Wthetube20isusedesatreelmertfl^ 
ban tool then the outer walls of the tubules 23-28 may 
be made of a permeable rubber and/or a fabric and the 
inner walls of the tubules 23-28 which face the interior 
30 of the tube 30 may be made of an inpermeable rub- 
ber. After Injection of me treatment fUids the pressure in 
the interior 30 of the tube 20 may be reduced so that the 
tube 20 radially contracts and can be removed from the 
borehole. 

[00421 Instead d slowing me tube 20 to rxrttract after 
fluids have been injected into the formation the tube 20 
may be aflowed to harden hi the expanded position 
against the weflbore 21 by hn p ra g nath g the fabric or 
other material with a ttowty curing «poxy or other plastic 
cornpo si bon. so that the soiioTied tube 20 then serves 
as a well finer. 

[0043] The tube 20 and (ho hije corporations shown 
in Figs. 1 -4 may also have waits that are made of a sieve 
material. In that case me tobe may be expanded by an 
expansion cone or by a baitoon that is Inflated in the 
interior of me tube. 

[0044] Since me sieve material that then forms the 
weHs of tubules Is ma My bent and not or hardly 
stretched the sieve opening size will remain fairly con- 
stant during me expansion process. The expanded tube 
of sieve material men serves as a filer that prevents 
sand and other solid materials to enter me weflbore 21. 
(00451 The racCaJy expandable tube 20 and me other 
racfafly expandable tube configurations shown in Figs. 
1-4 may also be made of tubules 23-28 which are made 
of a ffoid impermeeble material, such as steel which 
oniyctoformsamerxeesureintjwi 
exceeds a pre-set level In that case the tube may be 
instated as a production tubing which serves as a 
dewnhde blow-out preventer which expands and seals 
of me annulus surrounding me production tubing if a 
blow-out occurs. The radially expandable tube configu- 
ration shown In Rg. 9 can also be used as a dril string. 
In that case drilling mud i6 pumped through the interior 
of the tubules 23A-28A during oYIing. At the end of a 
cWBng cycle high rxessurellu^ 
nor 30 of the tube 20 bo fiat me tube 20 Is expanded 
against the borehole wafl 21 and forms a bang of the 
weflbore and the drl bit and downhole motor assembly 
Is putted to me surface by a wireline or colled tubing 
passing through the Interior 30 of me tube 20 and also 
serves as an expansion cone. 
(0046] If only minor expan si on of me tube is required 
then me wafl of me tube may be provided with only one 
orafewaxzaJorheficalUxJes. 
(00471 If me wais of the tube 20 or the other rarJaffy 
expandable configurations are made of a rubber or 
other eJasticafJy dcformable material then the expanded 
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tube may servo as a high expansion packer or bridge 

[0048] ft wiU be understood thai if the tubules ore ori- 
ented in an awaJ cVoction a racSafty detormatrfo tube wS 
be obtained. « the tubules are oriented in a CtfCumtoren- s 
tiaJ dtrecbon as shown bi Figs. 5-8 then an axial)/ 
deformable tube wifl be obtained. 
[0049] If the tubules are oriented in a helical direction 
the tube wil! be deformable both in axial and racfial 
directions and the pitch angle of the hefical configure- to 
tkxi of the tubules wffl then influence the degree In 
which the tube ts axialty or radially ctefcxmable. 
[0050] Rg. 10 shows a exxtfguratton where a tube 40 
cornprfees a wall that consists of a series of axial tolda- 
ble tubules 41. is 
[0061] B the tubules 41 are made of steel then they 
are interconnected tide by side along their length by 
axial wekfe 42. Each tubule 41 comprises at tie outer 
drcumfarence of the fcbe 40 a single plastic hinge 43 
and at the inner tircumference of the tube 40 a set of so 
lour plastic hinges 44. 45, 46 and 47. Each of these 
plastic hinges 4847 is formed by machining an axial 
groove in the inner and/or outer surface of the wall of the 
tubule 41. 

[0062] The set of four plastic hinges 44-47 defines a rs 
wafl segment where the tubules 41 can be folded 
inwardly to form a U- or delta-shaped recess 48 that 
faces the Interior 49 of the tube 40. 
[0053] The tube 40 Is expanded by pumping a pressu- 
rized fluid into the interiors SO of the tubules 41 which so 
causes the tubules to unfold by rwigtng about the piastc 
hinges 43-47 so that the tubules 41 each obtain a cylin- 
drical shape (not shown). 
[0054] AsareaittftheurtteWngofme 
tube 40 obtains a larger externa! and intemaJ cSameter. as 
[0065] Fig. 1 1 shows another tube 51 which com- 
prises a wail that consists of a series of axial tofctafale 
tubules 52. 

[0056] If the tubules 52 are made of steel then they 
are interconnected side by side along their length by <o 
axial welds 53. Each tubule 52 comprises both at the 
outer and the inner rircumference of the tube 51 a set of 
four plastic hinges 54 that are formed by machining 
axial grooves in the inner and/or outer surface of the 
wall of each tubule 52. <s 
[0067] Each set of tour plastic Nnges 54 defines a wal 
segmert where the tubules 52 can be folded Inwardly to 
form a U- or delta-shaped recess 55 that faces either 
the exterior 56 or the Interior 57 of tie tube 51 . 
[0068] The tube 51 Is expanded by punpirig a pressu- so 
rized fluid kilo the interiors 58 of the tubules 51 which 
causes the tubules 52 to unfold by hinging about the 
ptas&c fringes 54 so that the tubules each obtain a cyfov 
dricaJ Shape (not shown). 

[0059] As a result of the unfolding of the tutxies the ss 
tube 51 obtains a larger external and internal diameter. 
[0060] Fig. 12 shows a foldabte tube GO which com- 
prises at its lower side a single plastic hinge that cs 



formed by an axiaJ tubule 61 and at its upper side a set 
of four plastic hinges 62 that are formed by machining 
axial grooves in the outer or inner surface of the wall of 
the tube 60. 

[0061] The four plastic hinges 62 define a delta- 
shaped recess 63 el the upper side of the tube ^ 
fr>e tube te In its folded shape, 
[0062] The tube 60 is urtfoidod by pumping a pressu- 
re ed ftuid into the interior 64 of the tube 60. This causes 
trie tube to unfold in the direction of the anows 
cylindrical shape which Is ilkistraledbythebiokenlnes 
60A The tubule 61 then acts as a plastic hinge and 
obtains as a result of the unfolding of the tube 60 the 
efiipbcal Ghapo which te fllustratod by broken Inos 6 1 A. 
|0063] The tobuto 61 te made of a ptas*caf!y deform- 
able material, such as a formable r»o>sfrangth tow- 
aloy a dual phase steel grade, which also provides 
ftodfctfty to tie tube S1 in circumferential rfrecton dur- 
ing the unfolding procedure. After tie unfottng proce- 
dure a curing agent may be pumped into the interior 65 
of the dltotfcaf tubule 61 A to reinforce the tixJe 61 A. 
The interior 65 of the tubule 61 may comprise electrical 
and/or hydraufic conduits for transmission of electric 
and/or hydraulic power and/or signals along the length 
of the tube. 

(0064] The embodiments of the deformable tube 
shown in the drawings provide a tube which can be 
deformed easily and which can be reeled on a reefing 
drum. The tube can be unreeled from the drum and 
injected into an underground borehole or other cavity in 
which the tube is to be used. "The tube is subsequently 
deformed Inside the borehole or other cavity by chang- 
ing tie tubular shape oiorte or more tubules 
of the tube. The deformation may involve flattening, 
unfolding or o<her deformation of the tubufe or tubules. 

Claims 

1. A deformable tube having a wall which is at least 
partly formed by a number of tubules, wherein at 
least one tubule is at least partly deformed in 
response to deformation of the tube. 

2. The deformable tube of cfaiml. wherein the wefof 
tho tube is at least partly formed by a series of axial 
tubules which each extend In a direction substan- 
tially paraBel to a tongfturJnal axis of the hi* such 
that tpon a radial deformation of the tobe the axial 
tubules am at least party deformed, 

3. The deformable tube of claim 1 , wherein the wal of 
the tube is at toast partly formed by a series of toroi- 
dal tubules which extend in a substantiaty circular 
duocflon around a tongitudinal axis of the tobo such 
that upon axial deformation of the tube the to r oidal 
tutxies ere at least party deformed. 

4. The deformable tube of claim 1, wherein the wal of 
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the tube * at least partly loaned by one or more 
heficai tubules which extend in a substantially heTt- 
ca) direction with respect to a fongrtutfnai axis of 
the tube Such that upon deformation of the tube In a 
direction which is oriented at an angle relative to a 5 
longftudnal Direction of each of the hetic&J tubules, 
at least one of the heficai tubules is at least partly 
deformed. 

5. The defomwHetUbe of claim l.wtusreinthe waflof 10 
the tube is at toast partly formed by a number of 
substantially parallel tubules which are arranged 
utfe by side and are connected to each other. 

f. The deformabie tube of daim 5. wherein the is 
tubules am made of metaJ and the sides of a pair of 
*$ac*nt Uxim substantially touch each other and 
are stitered, wetted, spot welded, brazed, bonded, 
or otherwise secured to each other. 

20 

7. The deformabie tube of claim 5. wherein the 
tubules are made of a plastic or elastomeric mate- 
rial or a fabric and the sides of adjacent tubules 
substantially touch each other and are bonded to 
each other. 25 

& The deformabie tube of claim 1, wherein before 
deformation of the tube the tubules haveasubstan- 
tialy cylindrical shape and deform into a substan- 
fcUy enseal or flattened shape m response to to 
deformation of the tube. 

9. The deformabie tube of daim 1. wherein before 
deforrnatfon of the tube the tubules riave a substart- 
tialy prismatic shape and deform into a substan- x 
tiafy flattened shape In response to deformation of 

the tube, 

10. The deformabie tube of daim 1. wherein the 
tubules contain at the outer periphery of the tube *o 
openings or weak spots which open up as a result 

of the deform a tion process such that one or more 
fluids are squeezed from the interior of the tubules 
hto fie space sur roun cfing the tube. 

45 

11. The defCfmable tube of daim 10. wherein the fluids 
that are squeezed from the Interior of the tubules 
contain one or more chemicals, such as compo- 
nents of a fiquid cement stuny. components of a 
curing eQent or a chemical treatment iUd. so 
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